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The report is prese nted in five pans, @

n of problem areas.
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Air Conditioning and Oxygen

modification to be fully flightworthy. A requirement exists for separating

the emergency and regular oxygen suppiies. Experience with the ARROW
gency g ppl ; _

system would suggest the nced for misce llaneous changes as a result of

Y L) g

flight develapment.

The oxygen consumption ind
Institute of Aviation Medicine
some changes in this area. T
adequate leak detection sy

not yet been solved. A method of
is necessary for maintenance purpo:

Under development at this time are
bypass system to mainfain pressure
that modifications are extensive, a
requirement.

1.3.6 Electrics

Both the illumination and control af the master warning syst
at this time and require rework to become ble

great many miscellaneous electrical chang introduced
reliability stondpoint and in canjunction wifl changes ic

1.3.7 Miscellaneous

One of the most seriaus problem areas at present is in the Parabrake System

in its operation, function, rigging and inspectian facilities, and in the
parachute itself. -

The escape system requires improvements st -h as linked ejection; arm, leg,
ond head restraint; and dual emergen

The fuel pump mechanical drive systems are ta o limited standard
be replaced with improved shafts and splines for better life and e
odjustment. The operational cockpit lighting system requires study.

The engine intake de-icing boots are not in an acceptable condition ot

this time. Either an intensive program or a re-evaluation of the requirement
is indicated. In any case a re-assessment is necessary.
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CONFIRENTIAL

SECTION 1

APPENDIX 1

This appendix lisis, in the fomm of tentative modification titles, such
changes as have been shown o be necessary as a result of the program

to date. Although these changes deal with problem areas so far

detected it is not yet certain that in every case the proposed change provides
the solution, nor of course is it established that problem areas so far
detected are by any mecns the total that will have o be dealt with.

For the purpose of this listis lifications have been segregated info

four groups as f

Changes beyond the present standard of 25206 to achieve
a minimum operational aircraft, plus airworthiness
requirements arising from the development program.

ously committed fo replace or modify
i

ents due to qualification or

ected requirements to achieve an adequate
tenance and reliability status and to assist manufacture

tions which are now under consideration for product
e the minimum operational
produci jefi and C above. (RCAF and

DDP approval will b for these changes before

expenditure of engineering funds.)
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ARROW PERIODIC PERFORMANCE REPORT 15

PERFORMANCE OF THE ARROW 2

(C.G. at 29,5% MAC)

SUMMARY

The performance data given in this report are based on the drag
data given in Avro Report ?1m2/Aero Data/17 (Revised Arrow drag based on
preliminary flight test results) and propulsion data given in
72/Int, Aero/33 (Developed Iroquois Series 2 with 8050 maximum NH P Do,

and developed afterburner), They represent the best estimate of the
ultimate performance of the Arrow 2 as at present envisaged,

The main differences between this report and Periodic Performance
Report Number 14 are:-

Revised drag data,

Revised Engine data,

Change of fire control system and missile load to Hughes
MA-1, with MB-1 and GAR-3/4 missiles,

A decrease in operational weight empty of 758 1lb, mainly
due to (3),

The loading and performance data, flight envelopes, and mission
profiles are given in Figures 1 to 9(b) and in Tables 1 to 7 inclusive,

The Thermodynamic envelope is based on a recovery factor of 0,90,
The Flight envelope limitations are based on strength and control considera-
tions only, and do not necessarily represent the steady performance
capabilities of the aircraft,

The Operational Weight Empty used in this report is considered
to be conservative and approximate only, as is the internal fuel load in
the weapon pack, The internal fuel has been assumed to be the 19,433 1b,
basic plus 2,180 1b, in the weapon pack., To allow for variations of O.W.E,
and weapon pack fuel, the effects of 1,000 1b., reduction in operational
weight empty, and an extra 1,000 1b, of fuel in the missile pack, on the
combat radii of action and ferry range are quoted in the following table:-
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TABLE 1 - LOADING AND PERFORMANCE

UNDER _ICAO STANDARD ATMOSPHERE CONDITIONS

(Clean aircraft, i.e. no ventral tank, unless otherwise stated)

WEIGHT
Operational weight empty 1b.
Maximum useable internal fuel 1b.
Gross take-off weight (maximum internal fuel) i,
Combat weight (1/2 max. internal fuel weight) sy,

Maximum external fuel and tank
(500 gallons at 7.8 1b/gall. + drop tank) ite

Maximum gross take-off weight (Combat mission) e
Maximum gross take-off weight (Ferry mission) 1b.
Normal design landing gross weight 1b.

Maximum landing gross weight (Combat Mission) 1b.

Wing loading at gross take-off weight 1b/sq. fte.

Power loading at gross take-off weight 1b/1b thrust

SPEED
True airspeed in level flight at combat weight
Sea Level (i) Maximum thrust, A/B 1lit
(i1) Maximum thrust, A/B unlit
50,000 ft. (i) Maximum thrust, A/B 1it
* Placard speed

7 Maximum gross take-off weight (Combat Mission) less 1336 1b. missiles

FORM 1749 A-2




CEILING

Ceiling at combat weight, rate of climb 500 ft/min. with
max. thrust at optimum Mach number (1.8 M) A/B Lit

RATE OF CLIMB
Steady state rate of climb at combat weight
Sea Level (1) Maximum thrust, A/B 1lit, at 0.92M ft/min.
(11) Maximum thrust, A/B unlit at 527 Kts ft/min,
50,000 ft. (i) l‘T’Xgisdmum thrust, A/B 1it at 1.8 M ft/min.
TIME TO HEIGHT
Time to reach 50,000 ft. and 1.5 M from engine start

at gross take-off weight, max. thrust A/B 1lit

MANOEUVRABILITY

Load factor at combat weight

1. Maximum thrust A/B 1lit 1.5 M at 50,000 ft.
2. Maximum thrust A/B 1it 1.8 M at 50,000 ft.

TAKE-OFF DISTANCE

Take-of f distance over 50 ft. obstacle at sea level
at gross take-off weight

1. Maximum thrust A/B 1lit , standard day (+15°C)
2. Maximum thrust A/B unlit, standard day(+ 15°C)
3. Maximum thrust A/B 1it, hot day (+38°C)
LANDING DISTANCE
Landing distance over 50 ft, obstacle at sea level
at normal design landing gross weight
STALLING SPEED

True stalling speed in landing configuration at
combat weight at sea level

FORM 1749 A-2




MISSIONS

Combat radius of action, see mission profile for
detail breakdown.

Subsonic high altitude mission - subsonic combat
Subsonic high altitude mission -~ supersonic combat

Supersonic (1.5 M) high altitude mission - supersonic
(1.5 M) combat

Supersonic (1.8 M) high altitude mission - supersonic
(1.8 M) combats

Combat air patrol - supersonic combat

Subsonic low level mission (10,000 ft.) - subsonic combat

Ferry Mission (no armament)
ventral tank carried throughout Range
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ARROW 2 WITH TIROQUOIS SERIES 2 ENGINES

TABLE 3  SUBSONIC HIGH ALTITUDE MISSION - SUPERSONIC COMBAT A1.5 M)

AJC WT,

CONDITION
LB,

Start weight 67,505
| Engine start 67,405

Take=off to unstick at sea level max,
! thrust A/B unlit ‘ 674203

Acc, to 527 kts, at sea level max,
{ thrust A/B unlit ) 609 66,604

| C1imb at 527 Kts, TAS to 35,000' max,
| thrust A/B unlit (opt, cruise-out alt.) | 1910 6l , 694

| Cruise-out at M = 0,905 at 35,000 6078 58,616

"‘Acc° to 1,5M at 35,000° max, thrust
| A/B 11t ' 1135 | 57,481
Climb to 50,000' at 1.,5M max, thrust
A/B 1it 750 56,731

Combat at 1,5M at 50,000' max, thrust !
A/B 1it : 3060 52:335"%

| Cruise back @ M = 0,905 at optimum alt,
| (39,000°) 5500 46,835
| i

Loiter over base at 39,000' at max, | |
| endurance speed : | 1250 45,585

{ Descend to sea level @ idle thrust 204 45,381

Land with reserves for 5 min, loiter at
sea level at max, endurance speed = 825 bl 556

TOTAL 1012,0 21,613

Fuel density = 7.8 1b./gallon
1,336 1b, missiles fired at combat

SECRET

FORM 1749 A-2
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TABLE |} - ARROW 2 WITH IROQUOIS SERIES 2 ENGINES

SUPERSONIC (1,5M) HIGH ALTITUDE MISSION - SUPERSONIC (1,5M) COMBAT

CONDITION

Start weight,

Engine start,

Take-off to unstick at sea level max.,
thrust A/B unlit.

Acc, to .92 M at S.L. Max thrust A/B
unlit,

Climb @ ,92 M to 35,000' Max thrust,
A/B 1it,

Acc, to 1,5 M at 35,000' Max thrust,
A/BNIAT,

Climb @ 1,5M to 50,000" Max thrust,
A/B 1it,

Cruise out @ 1,5M at 50,000!

Combat @ 1,5M at 50,000' Max thrust,
A/B 1%,

Cruise back @ ,905M at optimum
altitude (39,000°!)

Loiter over base at 39,000' at max,
endurance speed,

Descend to S.L, at idle thrust.

Land with reserves for 5 min, loiter
at max, endurance speed at S,L.

Fuel density = 7,8 1b/gallon,

3 1336 1b missiles fired at combat

FORM 1749 A-2




TABLE LA- ARROW 2 WITH IROQUOIS SERIES 2 ENGINES

SUPERSONIC (1.8M) HIGH ALTITUDE MISSION - SUPERSONIC .{1.8M) COMPAT

CONDL TION DIST. | TIME FUEL /CuR ]
N.M, MIN. LB, 1B,

Start weight - 67,505
Engine start | 05 67,405
Take-off to unstick at sea level max
thrust, A/B unlit. , So 67,213
Acc, to 0,92 M at S.L. max. thrust,

' A/B unlit, 1,30 : 66,398
Climb @ 0,92 M to 35,000' max thrust
A/B 1it, 50 6L,558

Acc., to 1.80 M @ 35,000' max thrust
A/B 1it, 62,588
Climb @ 1,8 M to 53,000' max thrust
A/B 1it. 61,560
Cruise out @ 1.8 M @ 53,000¢ partial
A/B , 55,320
Combat @ 1,8M@53,000° max thrust

‘ A/B 1it, 50,53L #
Cruise back at .905 M at optimum
altitude (39,000¢) ' 16,835

| Loiter over base at 39,000! at max,
endurance speed, L5,585
Descend to S.L., at idle thrust L5,381
Land with reserves for 5 min. loiter
at max, endurance speed at S,L. Lli, 556

Fuel density = 7.8 1b/gallon.

% 1336 1b, missiles fired at combat,

FORM 1749 A-2
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ARROW 2 WITH IROQUOLS SER1ES 2 ENGINES

COMBAT AIR PATROL - SUPERSONIC GOMBAT (1.5 M)

CONDITION 3 TIME
ol MINS,

Start Weight
Engine Start

Take-off to unstick at sea level
maximum thrust., A/B unlit

Acc, to 527 Kts, at S,L., max thrust
A/B unlit

Climb at 527 Kts. to 35,000' max thrust
A/B unlit (opt. cruise out alt.)

Cruise out at 0.905Mat 35,000°

Acc, to 1.5 M at 35,000' max thrust
A/B 1it

Climb to 50,000' at 1.5 M, max thrust
A/B 1it

Combat at 50,000' at 1.5 M, max thrust
A/B 1it

Cruise back at ,905 M at optimum
alt, (39,000")

Loiter over base at 39, 00' at max
endurance speed

Descend to S,L, at idle thrust

Land with reserves for 5 min
loiter at S.L, at max end. speed

TOTAL 172, 25,513

Fuel density 7.8 1b/gallon
+ 342 1b, ventral D,T, Jettisoned
# 1336 1b, missiles fired at combat,

SECRET

FORM 1749 A-2
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ARROW 2 WITH IROQUOIS SERIES 2 ENGINES

Table 6 - SUBSONIC LOW LEVEL MISSION (10,000°) - SUBSONIC COMBAT

CONDITION DISTANCE
N.M.

Start Weight
Engine Start
Take-off to Unstick at S.L. Max Thrust
A/B Unlit
Ace, to 527 K. at S.L. Max. Thrust
A/B Unlit
Climb at 527 K. TAS to 10,000'
Max. Thrust A/B Unlit
Cruise at M=0.70 at 10,000
(Opt. Cruise Speed)
Acc., to M=0,92 at 10,000' Max. Thrust
A/B Unlit
Combat at M=,92 at 10,000' Max, Thrust
A/B Unlit
Climb to 39,000' at 527 KIS TAS
Max., Thrust A/B Unlit
Cruise back at M=0.905 at optimum
Altitude (39,000 ft.)
Loiter over bhase at 39,000 ft. at
max. endurance speed
Descend to S.,L., at idle thrust
Land with reserves for 5 mins.
Loiter at S,L. at Max. Endurance Speed

TOTAL

Fuel density 7.8 1lb./gallon.

x 1336 1b. missiles fired at combat.

SECRET
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ARROW 2 WITH IROQUOIS SERIES 2 ENGINES

TABLE 7 - FERRY MISSION (NO ARMAMENT)

_ VENTRAL TANK CARRIED THROUGHOUT

CONDITION DISTANCE FUL] A/C WEIGHT
(N.M.) (L (IB.)

Start Weight ‘ , 70,411

Engine Start " C 0 S

ake-Off to Unstick, Max. Thrust,
A/B Unlit 70,106

Beal ol 527 Kts. at Siloy "Max,
Thrust, &/B Unlit | 55 g 69,450

Climb to 35,000' at 527 Kts, T.A.S.
Max. Thrust, A/B Unli 5 67,350

Cruise Climb to 40, at M= ,905 0 68 2 > 47,298

Loiter over Base at 40,000' at Max.
Endurance Speed /\( u5, 968

Descend to S.L. at Idle Thrust - W5, 763
Land with Reserves for 5 Mins.

Loiter at S.L. at Max. Endurance
Speed | A 865 Ll 898

TOTAL

Fuel Density = 7.8 1b./gallon

SECRET
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SECTION 2  DRAG DATA

The drag data used in this report are presented in the form
of D/p , W/ vs M carpets in the following four figures. They are
/B Py p

based on a mean c¢,g. position of 29.5% Co

Basically, the estimated data of Periodic Performance Report
Number 12 have been modified in the light of flight tests carried out on
Aircraft 25202 and 25203,

Ajrcraft 25203 was partially instrumented for performance
flight testing, and carried out some preliminary performance tests,
In view of the approximate nature of the tests, a conservative view
was maintained whilst analysing the results, and the drag reductions
claimed are considered to be the minimum as evidenced by the tests,
The drag reductions are considered in two fields only: (1) a
reduction in negative elevator angle to trim, and hence in transonic
trim drag, between Mach numbers of 0,80 and 1,2, (2) a reduction in
boat tail drag over the whole supersonic range,

SECRET
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SECTION 3  PROPULSION DATA

Introduction

The changes within the Arrow 2/Iroquois propulsion system
between publication of P.P.R, 14 and P.P.R, 15 are:- (a) A decrease
in maximum high pressure rotor speed from 8150 to 8050 r.p,m. but
with identical rotor swallowing capacity, (b) The introduction of
a high pressure rotor control rather than a low pressure rotor
control such that at free stream total temperatures greater than
288°K there is a drop in low pressure rotor speeds, Thus above
M = 1,278 above the tropopause there is a drop inengine swallowing
capacity, (c) A reduction in the variable restrictor flow area in
the closed position to give small improvements in subsonic performance
and significant improvements in distortion levels,

Both reports contain identical intake and ejector geometry,
afterburner fuel schedule, and afterburner efficiency,

Prepared by Internal Aerc, Group - Nov, 1958,

Crate L
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DFVFLOPMFNT PROGRAM PROJFCTS OF A CONTINUING N ATURE

m

The detailed cost forecast attached indicates the cost of
carrying certain continuing Development projects further than will
be possible under the Development Program which terminates September

30, 1960.

In our view, the Development Program should f
and, accordingly, we
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